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I. INTRODUCTION 
A. The Rickettsial Problem 
For the second time in this century a great world 
war has focused attention ort a group of infectious diseases 
which is emerging from its nebulous position to which it has 
been relegated in the minds of many physicians - the position 
of a medical curiosity. In both Great Wars, the apidemiolo-
gical and military implications of the Ri~ettsial diseases have 
made this group of diseases of paramount importance. The peril 
of Typhus in World War I hardly bears emphasis. The quantity 
and quality of research conducted on Typhus in World War I con-
stitutes an epoch in medical history. 
That human diseases caused by Rickettsiae are of world-
~de distribution has been reiterated by Zinsser. (1) It may 
be stated that wherever man, rodents, and ectoparasites common 
to both exist, there Riri&ettsial diseases are to be found. The 
problems involved in the study of Rickettsial diseases arefas-
cina.ting in their ramifications beyond most infectious diseases 
of man. Their importance economically and as a menace to life 
is probably exceeded only by malaria. (2) The multitude of 
problems, theoretical and practical posed by the Rickettsial 
diseases makes this important group the most complex of any of 
the infectious diseases of man. That the Ri~ettsial problem 
in t;his war has been discussed more consistently than perhaps 
any other medical problem in infectious diseases in the Bul• 
~ letin of the United States Army Medical Department bears tes-
timony to the military implications of this group of diseases. 
1. 
r ( 
This record of devastation of armies and of whole populations 
in many of the wars of history is epitomized in the remark of 
Hume (3) that the WRic~ettsial diseases are killers, killers of 
fighting men." 
B. Historical Background to Present Study 
The Ri~ettsial diseases have been known since ancient 
~imes. The first description of a fever recognizable ~ typhus 
was made by Hippocrates (450B.C.) in a discussion on fevers. (4) 
Though accounts of disease entities which are easily recognizable 
today as RicKettsioses have appeared in medical literature down 
through the centuries, most of the monumental work on the 
nature of these diseases has been accomplished since the turn 
of the last century. The brilliant pioneer work, outlined in 
the following chronology (5), in the discovery of the cause and 
mode of transmission of these diseases, has laid the ground-
work for the intensive research now being conducted on the de-
finitive diagnosis: 
1906-09 • Ricketts called attention to micro-organisms 
in the blood o~ man, monkeys, and guinea 
pigs; and in tic~s with Rocky Mounts. in 
Spotted fever. He found them also in the 
living cells of the gut of lice with~exican 
typhus. 
1909 - Nicolle, Cante, and Conseil established the 
body louse as the insect ~ector. 
1911 - Nicolle, Con.seil, and Conor found that the 
guinea pig was susceptible to infection. 
This made more rapid ad•ance in typhus in-
vestigations possible. 
1915 - Da Rocha-~ima found enormous numbers of 
micro-organisms in the cells of the gut 
of typhus - infected lice. He named them 
RicKettsia. The species name, prowazeki 
was g1 ven in honor of da Rocha-Lilna' s co -
worker, von Prowa~ek. Weil and Felis worked 
out a diagnostic test based on the fact 
that the serum from a typhus patient, 
added to an emulsion of Bacillus proteus 
{ 0 variant of strain Xl9 or X2) produces 
a clumping reaction. 
1917-22 -DaRocha -Lima et al., Arkwright et al.J md 
Wolbach et al proved that the Ricloettsiae 
are the immediate causal agents of typhus. 
The various Rickettsial species were iden-
tified in rapid succession in the next few 
years and were shown to be the causative 
agents of a number of other diseases. 
1931 - Dyer et al discovered the rat flea to be the 
carrier to man of the infective agent for 
endemic typhus. 
c. Scope 2f the Present Study 
Presently the most important aspect of the Richettsioses 
diagnosis resort must be made to the 13bt.: 
is diagnosis and in most instances for a definitive. fit is the tor.y 
purpose of this paper to survey and wherever possible to evaluate 
the different methods wliiah can be utilized in the laboratory 
diae~osis. This study proposes to answer to the writer at least 
(and it is hoped also '00 the reader) many of the intriguing 
questions in the laboratory diagnosis encountered. in readings 
on the Rickettsioses. 
Inasmuch as an understanding of the different methods. 
used. in the laboratory diagnosis is predicated upon a knowledge 
of t>he biologic mature of the Rickettsiae, this will be men-
tioned briefly. Furthermore, a brief classification of the 
Rickettsioses and their salient features is presented as a 
guide in the discussion of diagnosis. Other aspects of the 
dise:ases are mentioned wherever these bear ur1on the laboratory 
diagnosis. The general laboratory tests used in the various 
~ disetases are similar, the differential diagnosis being made an 
the basis of qualitative and quantitative differences in the 
4. 
f', various. reactions. Since much more ,.vork has thus far been 
.. 
.., 
done en typhus than on the other Rickettsioses, the approach 
to the subject will be a differ.ential diagnesis of these from 
typhus on the basis of qualitative and quantitative differences 
in the reactions to these tests. 
II • BIOLOGICAL PROPERTTFS OF RICICETTSIAE IMPORTANT IN DIAGNOSIS 
A. Nature of Pathogenic Rickettsiae 
The pathogenic Rickettsiae occupy a position inter-
mediate between the free-living bacteria and the smaller fil-
terable viruses. When bacteria invade animal tissues th~y 
multiply in the intercellular fluids of the body, and are 
practioally never seen within cells, except whep. they are 
engulfE~d by the defensive phagocytic cellf1 of the body. The 
organisms ar~ cultivated with relative ease on bacter-iologic 
media. 
Certain free-living bacteria such as the colon bacillus, 
are able to live and multiply in media containing simple carbon 
compounds, ammonia, and inorganic salts. Others, like the in-
fluenza bacillus require more complex media that contain re-
latively Unstable products of protein decomposition, which are 
found only in extracts of blood and animal tissues. The reason 
tor this difference is that organisms of the first group possess 
a complei'je system of anabolic and katabolic enzymes, whereijS 
organismf:l in the second group lack certain enzymes and therefore 
require food which has been to some extent "p.redigested." ( 5) 
Organisms typified by ...- Bacterium tularense and Bar-
tonella bacilliformis have still more restricted enzyme systems 
OUt can still be cultivated on cell-free media. However, they 
5. 
are grown with difficulty and only in media in which certain 
complex biochemical and physica1 conditions are artificially 
created. In infected tissues they multiply extensively within cells 
but are also capable of multiplying in intercellular fluids contain-
ing sui table products of metabolic activity <j:ft living cells. 
Below this level are the pathogenic Ric~ettsiae and filterable 
viruses, an important group of pathogenic organisms for which 
suitable methods for multiplication a:t"e found only in the cyto-
plasm or nucleoplasm of living cells. In the case of patho-
genic Rickettsiae colony-like masses of organisms seen within 
infested cells are of diagnostic importance. In some of the 
larger filterable viruses similar--colony-like masses of "ele-
mentary bodies•• are seen intracellularly, but in most of the 
filterable virus diseases, only homogeneous intracellular 
structures, the so-called inclusion bodies, which may or may 
not be agglomerated masses of individual units of the infective 
agents, are seen. 
1. Morphology 
Rickettsiae differ morphologically from many of the 
filterable viruses chiefly in the fact that they are definite, 
discrete, clearly visible organisms. Furthermore, evidence in-
dicates that Ri~ettsiae, although as strictly dependent on in-
tracellular conditions as the viruses, have a somewhat more complex 
enzyme system and are able to maintain a certain amount of in-
dependent metabolic activity. It is an established fact that 
Rickettsiae grow best in cells in which metabolic activity is 
~ lowered, whereas the smaller and more characteristic viruses grow 
best in actively metabolizing cells. (6) 
2. Definition 
The pathogenic Rickettsiae may be defined, then, as 
small gram-negative bacterium like-organisms which are obligate 
intracellular parasites and which are adapted to life in insect 
tissues. They are pleomorphic organisms, usually seen as short 
bacillary or diplobacillary forms. ']he smaller forms are about 
0.3 ruin length, but larger forms may be seen. When growth is 
established in yolk Sf,!.CS of deYelopin.g chick embryos the Ricket-
tsiae are larger than in animal tissues. (7} In heavily in-
fected cells, the organisms appear as minute coccoid bodies 
usually in diploid formation. In smears, extracellular forms 
may be found especially in preparations from tissue cultures 
but these Richettsiae come from ruptured cells. Rickettsiae 
those 
develop in the cytoplasm of the cell'except/of Rocky Mountain 
Spotted Fever which are frequently found in the nucleus. (See 
Fig. 1.) Studies of the developmeht of spotted fever Ricket-
suggests that these RickettsiAe 
tsiaeAare essentially intranuclean organisms and that they 
appear in the cytoplasm after intranuclear development. (8) 
Figure !: - Intracellular Locat1.on of Rickettsiae 
FIG. la. Rickettsia prowazeki of typhus fever is FIG. lb. Dermacentroxemus rickettsi of spotted fever 
found prinCipally in the cytoplasm. invade the nuclei as well as the cytoplasm of the cell.r. 
3. Stainin& properties 
Rickettsiae stain poorly with most aniline dyes. They 
are gram-negative in the sense that they cannot be recognized with 
certainty when stained by the Gram method. They can be stained 
in film preparations by the Giemsa stain which imparts a blue 
or purplish color, or by the Machiavello stain ln which case they 
stain red and stand out sharply against the blue background of 
the cell. 
4. Biophysical properties 
The Rickettsiae of "Q." fever, which will pass through 
Berkefeld N and W. filters are the only ones which are filterable. 
In the respect that they are very easily killed, Rickettsiae 
are very unstable. They can be preserved by keeping them at 
-?()) C or by freezing and drying. 
B. Importance of these Properties in Diagnosis 
The important practical point emerging from this 
brief summary of the biologic nature of Rickettsiae is that the 
problem of diagnosis. is in general similar to that in virus 
diseases. In both cases the pathogenic agents cannot be cul• 
tured on bacteriologic media; they require the employment of 
specialized laboratory studies for accurate diagnosis; and 
diagnostic studies must frequently take into consideration the 
existence of insect vectors and intermediate mammalian hosts. 
III. INTERRELATIONSHIPS OF THE RICK~TTSI.AL DISEJ\SES: .APPLICATION 
TO DIAGNOSIS 
A. Definition of Rtckettsial Diseases 
·~ The Rickettsial diseases of man may be defined as self-
/ limited specific infectious diseases, transmitted by arthropmds 
.r 
and characterized by sudden onset, with headache, fever and 
usually a rash. "~" fever is the exception since a rash has 
not been described for this disease. The chief pathological 
lesions occur in the blood vessels 
B. Classification of Rickettsial Diseases 
One of the m:s t confusing aspects of the study of 
s. 
the Rlckettsial diseases is the multj_tude of•names and synonyms 
in the literature. After an exhaustive survey of the literature, 
Table 1, largely after Zinsser (4) and Plotz (8) and with modi-
fications and suggestions by ~eghers, (9} is presented as a 
useful reference guide to remarks made on diagnosis. 
Table :r 
Rickettsial Diseases of Man 
• 
• 
NAME 
I. Typhus Group: 
A. Epidemic typhus 
Brill's disease 
B. Endemic typhus 
II. Spotted fever group: 
A. Rocky moo. ntain spotted 
fever 
B. Brazilian spotted fever 
C. Columbian spotted fever 
D. Fievre Boutonneuse 
E. Kenya typhus 
F. South African tick bite 
fever 
III. Tsutsugamushi fever group 
A. Tsutsugamushi fever 
"Q" fever group 
A. Australian "Q" fever 
B. American ~Q" fever 
Tre ncb fever 
SYNONYMS AND VARIANTS 
Exanthematous typhus 
Mexican typhus ~abardillo) 
European typhus 
Jail fever 
Ship fever 
Prison fever 
Classical disease 
Historical disease 
Murine typhus 
New World typhus 
Mexican typhus (tabardillo) 
Tick fever 
Sao Paulo typhus 
Tsutsugamushi disease 
Scrub typhus 
Malayan scrub typhus 
Sumatran typhus 
Sumatra mite fever 
Queensland coastal fever 
Nine-mile fever 
ETIOLOGIC AGENT 
R. prowazeki 
R. prowazeki 
R. mooseri 
- R. muricola 
R. (»ermacentroxenus) 
rickettsi 
R. (Dermacentro~e•us) 
R. ~Dermacentro-nus} 
rickettsi 
subspecies 
conori 
subsp~ci es 
cenort 
subspecies 
pip jeri 
TAB~E 1 - RICKETT§lAL DI~J§ES OF MAN 
ARTHROPOD VECTORS 
Pediculus humanus 
var corporis 
(human body louse) 
Pediculus humanus 
var. capitis 
None known 
VERTEBRATE RESERVOIRS 
Man 
Man ? 
TRANSMISSION 
llECHANISM 
Transmitted from 
man to man by 
body louse 
Highly communicable 
GEOGRAPHIC'A L DISTRIBUTION 
§ND MILITARY IMPORTANCE 
Mexico, Chili, 
Peru, Northern 
China, Indo-China 
Russ ia1 Balkans, 
North Africa, Asia Minor, 
Central Europe, 
Belgian Congo 
·------·----------------·------·--------------------------------------~~--·-------
XenopsyJla cheopis, 
CeratophyllUs 
fasciatus Q~at fleas) 
Polyplax spinulosus 
(rat louse) 
Dermacentor andersoni 
(Western wood tick, 
u.s.) 
Dermacentor variabilis 
(Eastern dog tick, 
u.s.) 
Amblyomma Americanum 
(tick) 
Amblyomma cajennm se 
Amblyomma 
eajennense 
Rhipicephalus 
sanguineus 
(dog tick) 
Rhipicephalus 
sanguineus 
Haemaphysalis 
leachi (tick) 
Amblyomma hebreaeum 
Common rat 
Field mouse 
Ticks 1 ciogs, 
rodents 
Possibly goat, 
and hare 
Oppusum 
Transmitted from rat 
to rat and from rat 
to man by rat fleas. 
Transmitted from rat to 
rat by rat louse. In-
fection is introduced by 
contamim ti on of the 
skin· by feces of the 
flea, not by biting~ No 
evidence of transmission 
from ma1 to man • 
Transmitted frmm tick 
to man cr animals 
Southern U.S. 
Seaports all over 
the world 
u.s., Brazil, France 
(?) British Columbia 
COMMENTS 
A dise'3.se of winter (i.e. 
when body lice 
are more numeroo s) 
A recrudescence of Old 
World typhus in an ejldan ic 
fer m. The carrier is man. 
The disease occurs w~en 
immunity is disturbed 
A disease of late summer 
and fall (i.e. whm fleas 
are numerous) 
Agent is tra nsmitt ed to th 
egg of the tick, therefore 
~ reservoir outside the 
tick is unnecessary. 
Appears d urlng spring and 
summer 
------------------·----------------------------------------------------------------------------------------------------------------------------~------------------------------
Rickettsia 
oriental is 
Rickett ria 
burnet\ 
subspecies 
diaporica 
Larvae of: 
Trombicula akamushi 
(Japan) 
Trombicula delie., sis 
(Malaya, India) 
Trombicula minor 
{New Guinea) 
Boophillus annul•tus 
Haemaphysalis 
humerosa 
Ixodes holocyclus 
Domacentor andersoni 
Amblyomma Americanum 
Field mouse 
Bandicoot 
Tick, Bandicoot 
Tick 
Transmitted from 
mice or river banks by 
the larval mites 
Japan 
Sumatra 
Formosa 
Hew Guinaa 
China 
Ind.ia 
Queensland, 
Australia 
Western U.l. 
Washington, D.C. 
Adult mites have not been 
known to attack man 
-------------------------------------------------------------------------·--------
J.uintana fever 
Wolhynian fever 
Shin-bone fever 
His-Werner disease 
R. quintawta Pediculus humanus 
corporis 
Pediculus human us 
capi t'i s 
Unknown 
? Man 
Transmitted by com- Disappeared after 
bination of a sHin a- World War I, hut 
brasion with louse feces .has again appeared 
A crushed louse is .,also in North Africa 
infectious 
Resan bles influenza 
Was first noted in the 
Allied armies in 1915 
c. Immunological Relationships 
"" Table 2, modified after Plotz, indicates' the c~on 
i~unclogical relationships found in the various diseases in 
serological agglutination studies. va th the complement - fixation 
test now available, such a preliminary grouping simplifies 
rather than confuses the definitive diag~osis as will be seen 
later. 
Table .2. = Immunological Relationships 
I. Typhus Group 
Epidemic typhus 
Endemic typhus 
Brill's disease 
Tabardillo of Mexico 
Fievre nautique Toulon 
Manchurian typhus 
Urban typhus of Malaya 
II. Spotted fever Group 
Rooky Mountain spotted fever 
Brazilian spotted fever {Sao Paulo typhus) 
Tobia fever of Columbia 
Fievre boutonneuse 
Kenya typhus 
South African tick-bite fever 
III. Tsutsugamushi Group 
Tsutsugmnushi disease 
Rural typhus of Malaya 
Mite fever of Sumatra 
Tropical or scrub typhus 
Queensland coastal fever 
IV. "1ci" fever group . 
Australian "~" fever 
American ftQ" fever 
·V. Trer.oh fever 
IV. LABORATORY PROCEDURES OF DIAGNOSIS 
A. Animal Inoculation Studies 
1. Isolation of the infectious Pgent 
a. Method of isolation from patient 
, 
. I 
I J 
The infectious agent is isolated from 
I \ c_t r 
- Jl·. \ 
10. 
the patient in all of the Rickettsial diseases 
in the same manner. Successful isolations 
are more frequen·~ when the blood is obtained 
early in the disease. Ten c.c. of blood are 
removed from the arm vein and 5 c.c. are 
inoculated intrap_eri tone ally in·to each of 
tV>.ro guinea pigs. Not m0re than 5 c.c. are 
inoculated into the pig else the animal may 
~ie. It is best to inoculate the blood 
immediately upon its remoYal from the patient. 
If however, the blood is. obtained late 
in the disease, it is best to allow the blood 
to clot, remove the sel~, and grind up the 
clot in a mortar with sterile alundum or .~ 
sterile sand. The ground up clot is then 
suspended in Ringer's solution or saline. 
The rationale behind this is that ~s the 
disease develovs, antibodies are formed and 
these may mask'the effect of the infectious 
agent when whole blood is inoculated; there-
fore it is advisable to remove the serum. 
Method of isolation from arthropod vectors. 
Infected ticks, fleas, lice and mites 
are first washed in a weak solution of bichlo-
ride of mercury or merthiolate to reduce 
surface contamination. Ticks must be allowed 
to feed before attempts to recover the in-
fectious agent are made. After washing in 
saline, the insects are ground in a mortar, 
suspended in saline and inoculated into the 
animal. 
2. Animal inoculation 
The guinea pig is the laboratory animal most 
suited for isolating the agent. Healthy male guinea 
pigs, weighing 400 to 500 gms. are used. The tempera-
ture of the animal is taken one week prior to inocula-
tion to insure that the animal is healthy. The maximum 
normal temperature is regarded as 39.8° 0 (103.8° F.); 
any temperature above this fu considered as fever under 
usual laboratory conditions. Temperatures are usually 
taken in the morning before the animals are fed. The 
thermometer is inserted about two inches into the 
11. 
rectum and maintained there for about a minute. 
A false reading is obtained if not inserted high 
enou~h. The animal is inoculated intraperitoneally, 
Following inoculation, the animals are placed in a 
clean cage, care being taken not to.overcrown them. 
Temperatures are taken each day and recorded· on a 
chart. 
3. Reactions in different Rickettsial diseases (5), (8),(l0) 
a· The diagnosis of the disease in the guinea 
is based on a febrile reaction, presence and type 
or absence of scrotal lesions, presence of Ric~et­
tsiae in the tunica vaginalis, the transfer of the 
disease from animal to animal,~ the development 
of a specific immunity, the presence of brain lesions, 
and the ste:;:·ili ty of the blood and brain on ordinary 
culture media. 
b. Typhus group 
-
(1) Epidemic ty.J?hus 
rn epidemic typhus the period of incu-
bation in the guinea pig is about eight to twelve 
days. During this period the temperature remains · 
about 38.5° C to 39.6° c. At the end of the in-
cubation period, there is a rise of temperature about 
the ninth day, followed by a fall and then a rise to 
40.2° C or 40.8° c. After five or six days, the 
fever drops by lysis. The aPimal shows no other 
symptom of disease and there is no mortality. Oc-
c~sionally, the infection in guinea pigs is latent 
and is characterized only by the development of im-
munity. 
The infectious agent may be transmitted to other 
guinea pigs in the following ways: 
By ether anesthesia the an~al is sacrificed during 
the febrile period preferably on the second or third 
febrile day. The brain is removed aseptically and 
thoroughly ground in a mortar with sterile alundum 
or sterile sand. Ringer's solution or saline is added 
12. 
to make a .10 per cent brain suspension. Since the brain 
of a 400 to 500 gm. guinea pig weighs about 3 gm., 30 
e.c. of the diluting fluid are added. One c.c. or 
about 0.1 gm. of grain suspension is inoculated 
intraperitoneally into each of two or three normal 
guinea pigs. Cultures should be made to control the 
sterility of the inoculation. A careful autopsy 
should be performed to determine whether any patho-
logical lesion - such as pneumonia or peritonitis, can 
be found which may explain the fever. In epidemic 
typhus the only gross pathological lesion found is 
a slightly enlarged spleen with slight~y prominent 
Malpighian corpuscles. 
(2) Endemic typhus 
In murine typhus, the period of in-
cubation in the guinea pig is usually shorter, vary-
ing from four to six days. The temperature then rises 
to 40.0° 0 or 40.5° c, remains elevated four to six 
days, and falls by lysis. A characteristic of murine 
13. 
typhus in the guinea pig is scrotal swelling which 
usually appears on the first or second day of fever. 
(See figure 2) The scrotum is prominent, firm, red 
and swollen; the testicles cannot be forced back through 
the inguinal ring. Removal of the tunica vaginalis 
shows it to be adherent, edematous and may be hemorrhagic 
in typical infections. Slide preparations are made by 
scraping the exudate from. the parietal peritoneal sur-
face. After fixing by heat, the p;reparation is stained 
with Machiavello stain. Large serosal cells are :f"ound 
which are literally filled with Rickettsiae which 
appear in t}1e cytoplasm of the cell but do not invade 
the nucleus. These cells, calle~ ~eill~ooser bodies 
are characteristic of murine typhus in the guinea pig. 
Some practice is required to find thes? cells, but a 
preliminary examination with low power may be used 
to detect them and examination with oil emmersion 
lens will identify them. Scrotal swelling does not 
always occur in small guinea pigs, hence the use of 
animals weighing 400 to 500 grams. The anim~l 
does net die from the infection. 
The infection may be passed to other guinea 
pigs in a similar manner to that described under 
epidemic typhus exdept that in this case washings 
from the tunica and testicles are used instead of 
brain tissue. 
Though scrotal swelling ~-s the usual charac-
yeristic in murine typhus in the guinea pig and 
14. 
not in epidemic typhus, this rule is not absolute. 
Some strains of epidemic typhus occe.sionally pro-
duce scrotal swelling but subsequent passages induce 
a di~ease without scrotal swelling. Though scrotal 
swelling occasionally appears in epidemic ty.9hus and 
examine t ion of the tunica may revee.l an occasional celL 
containing a few Rickettsiae, never·theless typical Neill-
Moeser bodies are never seen. In rats, endemic typhus 
inoculated intraperi toneally produces a febrile illne'3S 
but in the epidemic strain an inayparent infection 
occurs. In male rats, the endemic typhus produces 
scrotal swelling with many serosal cells of the tunica 
filled with Rick.ettsiae; this does not occur in the 
epidemic form. 
Immunity tests in guinea pigs may .be performed 
fourteen days or longer after the temperature has 
subsided to normal. One attack of either epidemic or endemic 
typhus confers a complete immunity in guinea pigs to 
a subsequent inoculation of e~idemic or endemic 
typhus. 
&~~ 
Scrotal Swelling in Guinea Pigs in Murine Typhus 
PHOTOGRAPH 1-The appearance of 
scrotum of a normal guinea pig 
the 
PHOTOGRAPH II-Scrotum of a guinea pig 
reacting to an intraperitoneal inoculation of 
a strain of S. enteritidis 
15. 
o. Spotted Fever Group 
I n this group of diseasea, there is a great 
di fference in virulence of strains for animals; this viru-
l ence bears little relationship to the sev~ty of the 
disease in man . A strain from a fatal case · in man may 
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cause only a mild reaction in the guinea pig , whereas a 
strain from a mild ca.s e· in man may cause a fatal infection 
in guinea pigs . The mild infection in guinea pigs i s charac-
terized by an incubation period of six days, followed by 
a febrile period of four to six days . (See figure 3 ) 
Figure ~ -
FIG. 3. Characteristic temperature responses to the above designated diseases 
in guinea pigs. Shaded portion of curve indicates actual period of the disease , 
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No scrotal ~welling occurs and the animal does not die of 
the infection. In severe infections, the incubation period 
may be two to five days and is followed by a high temperature 
scrotal swelling, and death in 98 per cent of the animals. 
In the Spotted fever group the scrotal swelling differs 
from that in murine typhus, The scrotum is swollen, deep 
redland becomes dark purplish-black or even gangrenous 
with necrosis followed by scar formation, if the animal 
survives. The exudate in the scrotal sac is not as in-
tense as in epidemic typhus and Rickettsiae in tunica 
smears are scarce. However, Rickettsiae appear in larger 
numbers in the endothelium and smooth muscle tissue of 
arterioles beneath the surface, both in the scrotum and the 
t'estes. Intranuclear forms may be seen. 
The infection may be passed to other animals by re-
moving blood by cardiac puncture during the febrile period, 
preferably on the second to fourth days and inoculating 
one to two c~c. intraperitoneally into normal guinea pigs. 
Guinea pigs recovering from Spotted fever are immune 
to subsequent inoculation of spotted fever but not to 
typhus. 
!• Tsutsugamushi Group 
The virulenca for guinea pigs is low and 
the disease has been transmitted only when resistance of the 
animal is lowered as a resui-t of vitamin deficient diet. 
The disease has been transmitted to rabbits by intratesti-
uular inoculation. Intraocul8.r injection in the rabbit 
produces an ophthalmi t5.s with Rickettsiae _ present 
.. 
/ 
in the endothelial cells overlying Descemet's membrane. 
The disease confers on i~~unity to itself but not to 
typhus or spotted fever. 
~· "~" Fever Group 
Immunologic studies indicate that the 
Australian and American diseases a~e identical but in 
guinea pigs the American s{ains_ produce a more definite 
febrile reaction than the Australian. The agent can be 
isolated from the blood, especially early in the disease. 
:rt can also be isolated from the urine as well. In the 
guinea pig, the incubation period lasts from four to eight 
days and is followed by a febriJe reaction of 40.5° C 
to 41.0° C lasting two to eight days. The guinea pig 
often is fatally infected. At autopsy, the main findings 
are enlarged inguinal and mesenteric lymph nodes and 
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a spleen which ifl enlarged two to tv11alve times by weight. 
The spleen may be smooth or engorged or may be spontaneously 
ruptures. Subcutaneous or intradermal injection produces 
a marked inflammatory thickeing of the skin at the site 
of inoculation>with Rickettsiae present in the exudate. 
The disease may be transfe~red by passing blood or splenic 
pulp on the second or third febrile day. The urine of 
guinea pigs is infectious. In mice, the disease produces 
small necrotic foci in the liver and Rickettsiee may be 
found in the KUpffer cells. The disease confers a lasting 
immunity to itself but to none of the ether Rickettsial 
diseases. 
r. Trench fever 
This disease has not yet been transmitted 
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successfully to any experimental animal. But it hes been 
transferred to huraan volunteers by rubbing the feces of 
infected lice into the scarified skin and also by 
allowing infected lice to feed on human volunteers. (11) 
Thcugh extracellular Rickettsiae have been described in 
the intestine of infected lice, it has not been proved 
that these are the actual cause of the disease since non-
pathogenic Rickettsiae have also been described in these 
insects. Trench fever disa9pearad after World War I but 
it has again been repo1·ted as occurring in North Africa 
in this war. 
The chief results of animal inoculation are summed 
up in Table 3, modified from Technical Manual 8-227 of the 
u.s. War Department. See also Fig. 3. 
Table 3 = Results of Guinea Pig Inoculation 
Disease 
l• ~hus 
roup 
Epidemic 
Endemic 
II. Spotted 
Fever 
Group 
III. Tsutsugamusht 
Grou£ 
IV. "'3." Fever 
Group 
Scrotal SWellings 
Rare; few Rickettsiae 
rn-!unica vaginalis exu-
date, only intracytoplas-
mic localization. 
Usual; many Rickettsiae 
~n tunica vaginalis 
(Niell-Mooser bodies} 
Only intracytoplasmic lo-
calization 
Only with virulent strains. 
(Bitter-Root Valley strain) 
Few Rickettsiae in tunica 
vaginal is. May find intra-
nuclear·forms. 
None 
None 
V • Trench Fe1rer None 
Brain Lesions 
++ 
++ 
++ 
-
Fig. 4 Focal Lesion in Brain of Guinea Pig 
FIG. 4- Microscopic appearance of a focal lesion in the brain of a guinea 
pig infected with typhus fever. Note the collection of wandering cells and 
~ leukocytes in and about the arteriole. Giemsa stain. 
4. Cross-immunity, protection, and virus neutrali-
zation tests 
~Totective antibodies can be demonstrated 
in the patient's serum by mixing it with infectious 
material, incubating the mixture for a short period of 
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time and then inoculating it into guinea pigs. Some sera 
taken during lysis show definite virus neutralization pro-
perties , but for the most consistent results, samples taken 
after convalescence from the disease, it has been definitely 
established, should be used. If the test animals fail to 
develop the disease , it is assumed that the patient has 
developed protective antibodies to the Rickettsiae and 
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must have been infected. Duplicate mixtures are prepared, 
each containing 0.5 c.c. of convalescent serum, and 0.1 c.c., 
0.25 c.c. and 0.5 c.c. of serum varies from a known 
strain of Rickettsia. The mixtures are injected intra-
peritoneally into guinea pigs after stadding at room tempera-
ture for half an hour. Control animals receive the same 
amount. If the suspected case was a specific Rickettsial 
infection, one or more of the guinea pigs will show some 
evidence of protection. Evaluation of these tests will be 
considered later. Table 4, modified from (8) sums up the 
immunity in guinea pigs conferred by the various Rickettsial 
diseases. The neutralization test in guinea pigs fails 
at times to yield conclusive results, owing to secondary 
infections and non-specific immunity (Badger) (10) 
Table 4- Immunity in Guinea Pigs 
Conferred .:£l Various Rickettsial Diseases. 
Ehdemic Murine Brill's g.M.S.F. 
~Ehus .Disease £Eus 
Tsutsu 
~amusni F. 
~idemic tVhus + of- t -
rine tH us of- + + 
Bri!!issease + + + '? 
~octy Mountain + 
po ted fever 
Tsutsu~umusiii '? + 
fever 
"9." fever '? '? 
"9." 
Fev~r ._ 
'? 
'? 
+ 
I!• Serological Studies 
1. Wail-Felix agglutination test 
a. Development. 
22. 
The time-honored position of respect which the 
Weil-Felix test has enjoyed in the diagnosis of Rickettsial 
diseases, al~ne would warrant its consideration early in 
any discussion of the Rickettsial diseases. But, because 
most of the literature on the diagnosis of Rickettsial 
diseases has approached the problem of diagnosis from the 
point of view of comparison of the results of other tests 
with those in the Weil-Felix, it is only logical to pre-
dicate further discussion upon consideration of the Wail-
Felix test. 
In 1916, Weil and Felix (14) demonstrated 
that a Proteus-like organism isolated from the urine of a 
typhus fever patient, would agglutinate to a high titer, not 
only in the patient's serum, but also in the serum of other 
patients suffering from typhus. Fletcher and Lessler (15) 
in 1926 later recorded a series of typhus cases ·n the 
Feder~ted Malay States in which the ~tients' sera failed 
to agglutinate the classical X 1 9 strain of Proteus but 
did agglutinate· a variant:. strain (Kingsbury). They also 
reported that there were others occurring with equal fre-
quency which gave the Weil-Felix reaction with Proteus, X 19 
strains. The KinGsbury variant differed from the classical 
Proteus X strains in failing to ferment maltose and sucres~ 
in not producing indol, and in being serologically distinct 
as tested by direct agglutination. Though at first causing 
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great confusion and submitted by same workers as the etiologi-
cal agent of typhus, the Bacillus proteus strains were shown 
to have a common antigen with Rickettsial organisms. In 1920 
Weil and Felix (16) demonstrated that the agclutinogen of 
typhus fever Rickettsia was identice.l with the specific main 
receptor (0 receptor) of Proteus X 19 and hence that the 
agglutinins in typhus fever for Proteus X 19 were due to a 
specific immunologic response.. These results were confirmed 
by Castenada and Zia (1?) (1933) 1 v1ho concluded from their 
investigation that there is a common antigenic factor in the 
Mexican Rickettsia and Proteus X 19 which explains the 
Weil-Felix reaction in Tabardillo (Refer to Table 1.) 
b. Discussion 
Various Proteus X strains have been used in 
the diagnosis of typhus-like diseases, the common ones being 
Proteus 0 X 19, Proteus 0 X 2, Proteus 0 X K and occasionally 
Proteus H X K. In this country, the Proteus 0 X 19 strain 
is most commonly used. Studies by D1:1vis {18) (1935) indicate 
that the Proteus 0 X 2 type is of importance in the dif-
ferential diagnosis of Roc.lty Monntain spotted fever and 
endemic typhus fever, especially in regions where both 
diseases are endemic. 
In view of the marked specificity of the 
agglutination of Proteus X strains in the sera of typhus 
fever patients it would seem that little difficulty should 
occur in making serological tests for the presence or ab-
sence of this disease. However, in previous studies (19), 
it was demonstrated that the use of a Savita Agar (yeast 
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extract meat-free) medium for growing Proteus 0 X 19 strains, 
resulted in the dissociation of this organism. The variant 
that developed was found to be a source of error in the 
Weil-Felix test when used as a control with sera from patients 
with no clinical symptoms of typhus fever. The heterologous 
antigenic components of this variant strain could be demon-
strated by direct agglutination. The parent Proteus 0 X 19 
strain although inagglutino.ble in heterologous sera was 
shown by agglutinin - adsorption to have agglutinogens in 
common with the organism used to produce their sera. The 
heterologous agglutinogens shown in the variant strain by 
direct agglutination were not acquired by dissociation, but 
were present in the parent strain although not demonstrable 
by the same method. 
In a study of 19 Proteus X strains by Welch 
et al (20) obtained fran various sections of the United 
States and Canada, these observers were not able to 
demonstrate the entire absence of heterologous components 
except in one strain. It was further observed that known 
variants of Proteus X strains were practically inagglutinable 
in sera of clinical cases of Rocky Mountain spotted fever, 
and in addition to this1 certain of these variants would 
agglutinate directly in heterologous sera. Of the 19 
diagnostic strains studied, used in laboratories throughout 
this country and Canada only 5 were non-motile although 
the original strains were all non-motile. 
The agglutinins present in typhus fever are in-
variably of the 0 type and 0 type antigen-should be used 
in making a diagnosis, not only because of the specific 
antigenic relationship between the agent of typh~s fever 
and Proteus 0 X 19J but also because of the possible 
presence of H agglutinins in the patient's serum which 
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are not diagnostic for - typhus. The floccular H ag-
glunination is occasionally found in the sera of healthy 
individuals, but more often in patients suffering from 
non-typhus diseases, due to a previous or present infection 
with Proteus vulgaris, such as otitis, cystitis, or neph-
ritis. These nonspecific reactions will be obtained with 
motile strains.of Proteus X 19 because of the antigenic 
relationship between this organism and strains of Proteus 
vulgaris and will constitute an important source of error 
in the Weil.-Felix react ion unless H and 0 agglutinations are 
carefully differentiated. If tbA 0 culture of Proteus X 19 
is substituted for the OHJ the dlfficul ties above will be 
avoided. 
c. Procedure 
Although the actual serological set-up 
of t~e Well-Felix test is a simple routine procedure, it is 
felt that in the verious laboratories throughout the 
country a variety of technics are in use vvi tb differences 
in incubation temperatures and time, density of antigen 
suspensions, and differAnces in amounts of serum-antigen 
mixtures. Within reasonable limits these differences in 
technic should not materially affect diagnostic results 
provided the Proteus strain used is kept under properly 
controlled conditions. In answer to questionnaires sent 
to 50 laboratories in the United States, Canada, and Mexico 
by the Standard Methods Con~ittee on Diagnostic Procedures 
" 
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of the Public Health Service, marked variations in 
technic were found in the '!fleil-Felix test a.s used by 
these laboratorles. This committee has prorosed a stand-
ard method followir.g as closely as possible a simple 
procedure which will avoid errors resulting from improper-
ly controlled Proteus strains: (21) 
(1) outfit -A sterile glass container having a 
capacity of lG-15 ml. This container 
should be tiehtly stoppered and in a 
mailing case conforming to the postal 
law. 
(2) Specimen - At least 5 ml. of blood should be 
collected and placed in the container 
without oxalate, citrate or preservative 
of any kind. 
' 
(3) Time of taking specimen - A series of three blood 
samples should be tested in both question-
able and clinically positive cases. 
The first taken as soon as the nature of 
the infection is suspected or when the 
rash appears, the second between the 
tenth and fifteenth days, and the third 
during early convalescence. {A marked 
increase in titer established by repeated 
examination gives an ebsolutely conclusive 
diagnosis.) 
(4) Preparation of the specimen - The serum is 
separated from the clot by centrifugation 
in the usual manner (The significance of 
reactions obtained with badly hemolyzed 
serum is questionable) 
(5) Antigen preparation - Fresh suspensions of living 
bacteria which give the highest degree 
of sensitiveness and accuracy should be 
used. 
(a) Strains of Proteus 
Proteus 0 X 19, Proteus 0 X 2, Proteus 
0 X K, {and Proteus H X K) should be 
used when necessary. In most instances 
Proteus 0 X 19 should be sufficient. 
{b) Maintenance of cultures 
(1) All strains with the exception of 
Proteus H X K should be retained in 
a non-motile state. To insure work-
ing with a non-motile culture chekks 
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should be made at least once a week. 
(2} The Proteus strains should be carried 
on either nutrient agar slants or on 
agar Slants prepared from fresh fish 
bouillon. The slants should be de-
hydrated sufficiently to remove most 
of the water of condensation which ln-
creases the possibility of the develop• 
ment of motile variants. E:acess amounts 
of water of condensgtion tend also to 
inhibit the growth of certain Proteus 
X strains. 
(3} The reaction of all media should be 
pH 7.4. 
(4} The morphological, biochemical, and 
serological reactions of the diag-
nostic strains should be checked at 
intervals of six months, since changes 
in these characteristics indicate in-
stability of the organisn. 
(5) The diagnostic strains should be check-
ed at least once every three months 
to exclude spontaneously occurring 
variants. 
(c) Antigen suspension 
The antigen suspension should be 
prepared in 0.85 per cent salt so-
lution from an 18 to 24 hour cul-
ture of living organisms. All sus-
pensions should be filtered once 
through a single fluted filter paper. 
The turbidity of the suspension on 
the Gates apparatus should read 8.5 
to 9.5. 
( 6) Technic of t(-.t5t- Technic of test - The test is set up 
in agglutination tubes (75xl0 mm.) 
by mixing thoroughly 0.5 ml. of serum 
dilttions and 0.5 ml. of antigen sus-
pension. Serum dilutions of 1:10 
through 1:320 (final dilutions 1:20 
bhrough 1:640} are usually sufficient. 
Both salt solution and positive serum 
controls should be made each day tests 
are done. Tests and controls are in-
cubated two hours at 37° c. followed 
b~ over night in the refrigerator at 
8 c. 
(7) Tabulation of - Tabulation of results - The degree of 
results agglutination is recorded as follows: 
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++++ = Complete agglutination, clear, 
supernatent fluid (100 %) 
+++ =Agglutination nearly complete, 
supernatant fluid slightly 
opalescent (75 %) 
++ =Definite agglutination, super-
natent fluid opalescent {50 %) 
+ = Very fine agglutination barely 
discernible (questionable reaction) 
0 = No agglutin~tion, suspensions 
correspond to salt solution control. 
(8} RepOr-t- Report - Results should be r.;;ported 
in actual titers obtained, a tit~~ of 
1:100 should be reported as positive 
when properly controlled cultures of the 
0 type are used in ·the test. It is 
always advisable to obtain more than one 
specimen from a patint as the sub-
sequent rise in titer during infection 
and fall during convalescence is de-
finitely diagnostic. 
d. Reactions in the different Rickettsial diseases 
Assuming that the above criteria have been 
adequately fulfilled (g fact, which many workers have pointed 
out, has too often been taken for granted), then the 
following reactions observed, and the deductions therefrom 
may be considered valid. The general rule is that the 0 X 19 
agglutination occurs in relatively high titer in epidemic and 
murine typhus, in Brill's disease and in Rocky Mountain, spotted 
fever, while the 0 X K agglutination is low or absent in 
these ciseases. Since a high agglutination for 0 X 19 may 
occur in typhus and spotted fever, this ag,r;lutination test can-
not be used to differentiat these diseases. 0 X 2 agglutination 
may occur in high titer in Rocky Iviountain spotted fever. In 
Tsutsugwn.ushi fever agglutinins for 0 X K organism occur in 
relatively high titer ·while those for 0 X 19 ar,:: lovv ar absent. 
Neither 0 X 19 nor 0 X K agglutinins occur in "Q." fever. Since 
the Weil-Felix reaction had not been described when Trench fever 
occurred during the first World Y.lar, the agglutination in this 
disease has not been worked out. 
The agglutination reaction becomes positive and in-
creases in titer during the late febrile period of the disease 
and early convalescence. Therefore an agglutination reaction 
should be performed as seon as a R'ickettsial disease is sus-
pected and tests should be repeated at frequent intervals during 
the course of the disease. A rise in the titer of agglutination 
on auccessive tests is perhaps of greater importance than the 
actual height of the titer on any one examination. A single 
positive agglutinc:ction of 1 to 80 is of no diagnostic value 
since non-specific agglutination may occur in other diseases. 
A single agglutination titer of 1 to 1280 probably means that 
the patient is suffering from some Rickettsial disease. !n 
agglutination titer of 1 to 100,000 has been recorded in some 
cases of typ.l1us fever. The diagnosis should not be made on a 
positive Vle il-ll'e-li:x: agglutination alone; further clinical or 
laboratory evidence should be obtained. Moreover, a consis-
tently negative Well-Felix may be obrained in some apparently 
typical cases of even Typhus fever. 
The reactions discussed above are tabulated in 
Table 5; 
" 
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Table 5 - Well-Felix Agglutination in Various Rickettsial Diseases 
Disease 
Typhus 
Spotted fever 
Tsutsugamushi 
"~" fever 
Trench fever 
Strain ~ Proteus 
0 X 19 0 X 2 
--- ---
+++ + 
+ to +++ + 
-
-
? ? 
e. Non-specificity 
QXK 
-
+ or -
+++ 
.-
? 
Another aspect of the Weil-Felix test 
worth considering is that of false positive reactions. 
For example, in undulent fever, B. proteus suspensions 
may be agglutinated to a serum end titer of 1:240 (Kemp, 
Wright, and Wayne, 1933) (22), and in chronic Brucellosis 
B. proteus may be agglutinated to a hiBher titer than the 
homologous infecting bacterium (Foshay (23), 1940 and Calder 
1941 (24}. The presence of heterophile agglutinins such as 
these does not present a serious obstacle to diagnosis, be-
cause they remain statie throughout the course of the 
illness and disappear promptly during convalescence. More-
over, by means of cross-absorption tests with suspension of 
B proteus and Br. melitensis, the specifi ti ty of anti•bru4!1 
cella agglutinins can be demonstrated in undulant fever (Fin-
dlay (25), 1941. However, these difficulties are obviated 
when specific tests, to be discussed later, are used. 
2. Rickettsial Agglutination Tests 
a. Development 
Within recent years a better (more specific) 
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laboratory test for the diagnosis of Rickettsial diseases 
has been evolved and many workerslespecially in America and 
Australia>have directed their attention to the study of human 
specific ~ickettsial agglutination. Among pioneer inves-
tigators were Otto and Dietrich (25) (1917) and Weigl~(27) 
(1923), who inoculated lice intra-rectally with infective 
material and so prepared from the gut of the louse a sus-
pension of Rickettsiae sufficient for a few agglutination 
tests. The laborious task of obtaining Rickettsial sus-
pensions by such a technic restricted the practical 
application of the tests, and the matter recebred scant 
attention until Zinsser and Cast&r.Oda {28) (1932) produced 
eelatively pure suspensions of Rickettsiae in the peri-
toneum of x-rayed rats. 
Subsequently, Zinsser and Castaneda (1932) employed 
such antigen and demonstrated the serological individuality 
of the Mexican murine and European louse-borne varieties of 
typhus, {see Zinsser, (30), 1940 for summary of results.) 
Another method for procuring suspension of murine Rick-
ettsiae suitable for macroscopical agglutination has been 
employed by Casta;neda {1939) and Hudson {31) (1940) who 
utilized as a source of material the lungs of infected rats. 
and mice. Durand and Giroud {1940) cultivated R. prowazeki 
in guinea pig ana. rabbit lungs, prepared suspe~sions of 
organisms by differential centrifugalization, and demonstrated 
the development of agglutinins in persons immunized with 
vaccine of the same origin. Two important discoveries which 
have enhanced knowledge of this subject have been the work 
" 
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of Zia (32), (1934), who grew the Rickettsia of epidemic and 
murine typhus in the chorio-allantoic membrane of the 
developing chick embryo; secondly that of Cox (7) (1938), 
who found that these organisms multiplied freely in the yolk-
sac of the fertile hen's egg. Later, Cox a~d Bell (33) 
(1939), studying the strains of R. diapor~a recovered from 
!Jermacentor andersoni the vector of Rocky Mountain spotted 
fever (Western) 1 successfully grew the agglutinins in patient's t·•~cu•­
sera (see also Davis {34), 1939) Likewise, Burnet and 
Freeman (1939} working with Queensland ffQff fever disease> 
epizootic in the ~ueensland bandicoot (usually propagated 
among rats and occasionally communicated to man by the 
tick Haemaphysalis hum.erosal, cultivated R. burnets in: ·.._ 
eggs and obtained suspensions for agglutination tests. Bur~ 
net and Freeman studied the antigenic behavior of R. diaporica 
and R. burneti, and by the use of cross-immunological ag-
glutination tests established the similarity of the two 
diseases. Dyer (35) {1939) observed that R. burneti was 
agglutinated to higher titer by the serum of a laboratory 
worker who had been accidentally infected with the Montana 
disease. Bengston (36) (1941) who employed agglutination 
and agglutinin - absorption tests, demonstrated the close 
immunological relationship of the Rickettsiae of AustrAlian 
"Q," fever to the .American "Q," fever (see .Also Cox, ( 37) 19•0) 
rn both for.ms of "Q" fever)strains of Proteus X are not 
affected (Dyer, 1939) and Burnet and Freeman, ~1939) so ) 
that much of the knowledge of etiological agents has came 
from a study of Rickettsial agglutination r®ult:f$, and not 
from Weil-Felix tests or animal inoculation studies. The 
above researches on "Q" fever illustrate the increasing 
practical utility of the Rickettsial agglutination reactions 
and synchronously the increasing limitations of the Wail-
Felix test in the diagnosis of Rickettsial diseases. 
b. Rickettsial cultures 
1. Since preparation of good end adequate 
R'ickettsial antigen is vi tal to the R·ic.kettsial agglutination 
test and the complemeht-fixation test, consideration of 
Rickettsial culture methods is appropriate at this point. 
Rickettsia can be grawn vy various methods provided living 
eells are used. The methods include the classical plasma 
clot~ the suspended cell medium, the agar tissue culture and 
the yol~ sac of developing chick eggs (Cox.) Since the yolk 
sac method has proved most satisfactory and is now being most 
widely used, it is here considered briefly. 
(a) Yolk-~ method (Cox:} (?} 
Yolk sac cultures are started and 
maintained as follows: The brain or spleen of an 
infected guinea pig is removed aseptically on the 
second or third febrile day of the disease and 
ground up in a mortar with alundum. A 10% suspen-
sion is made in Ringer's solution and gently cen-
trifugalized to bring down any large particles of 
tissue. The suspension is then inoculated into 
six-day fertile chick eggs, (see Fig. 5 ) The 
.eggs should be candled before use so as to be cer-
tain that the embryos are alive. The broad end 
of the egg is sterilized by means of a 3% solution 
of iodine and a small hole is made with a dental 
pick or drill. A 21-guage needle 1! inches long 
is plunged perpendicularly through the opening 
and inserted its full length. Then 0.5 c.c. of 
infecti-us material is inoculated in each of 10 
eggs. The hol.e is sealed with a paraffin wax mix-
ture. The eggs are returned to the incubator 
which is maintained at 35°C. and are turned daily 
to prevent the embryo from becoming attached. 
Each day the eggs are candled to determine whether 
the embryo is alive. After from four to si~ days 
the embryo is found sluggish in its movements or 
dead. The eggs should be opened just as soon as 
the embryo dies, for if incubated over this 
period, the Rickettsiae decrease in number and 
finally disappear. The yolk sac is removed 
aseptically from the wide end of the egg, by 
removing the shall over the air sac and either 
extracting the yolk sac by means of forceps or 
by inverting the entire egg contents into a 
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Petri dish. A small piece of yolk sac is re-
moved and gently rubbed over the surface of a dry 
Petri dish in order to remove the excessive amount 
of adherent yolk material. A smear is then made 
by rubbing the tissue on a slide and after drying 
in air, it is fixed by heat and stained by the 
Machiavello method. In the first egg passage 
few or no rickettsiae may be seen, in which case 
it is necessary to pass the yolk sac material to 
other eggs. A~ten a few passages a strain will 
be established and Rickettsiae will be seen in in-
creasing n~bers, in successive transfers. 
Figure 5 - Method of Inoculating the Yolk Sac 
FIG. 5• Method of inoculating the yolk sac. 
b. Agar tissue culture method - Figure 6 
Figure 6 - Agar Tissue Culture Method 
FIG. 6. Agar tiJSue culture method-large, rubber-stoppered bottles are 
filled with a mixture of beef serum, agar, double-strength Tyrode s solution 
and phenol red indicator. Minced chick embryo, combined with infectious 
rickettsial material, is spread over the agar surface and the bottles are 
then incubated for from 7 to 10 days. As growth progresses, the color of 
the indicator, after 3 or 4 days, changes from red to yellow. 
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b. Comparison of technic of Well-Felix and Rickettsial 
Agglutination Tests 
In both tests successive dilutions of patient ' s 
serum ranging from 1:100 to 1:1600 and over when necessary 
are made in 0.86 % saline solution in Dreyer tubes. To 0.4 
c . c. of each serum dilution is added 0.4 c.c. of a 1:15 
dilution of B. proteus concentrated suspensions made up 
in 1:20 Sorensen's (K H2 P04 sodium potassium phos.phate 
buffer of pH ?.2 and each serum is put up in triplicate 
against E. proteus 0 X 19, 0 X2 and 0 X K. In the case 
of Rickettsial antigen)concentrated material is diluted 
1:20 in buffered phosphate saline solution of pH ?.2 and 
an equal amount is added to each serum dilution. Mix-
tures arr-, then incubated for four hours; at 42° c, removed, 
placed overnight in the ice-chest, and the results read 
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in the morning. ~Tith the Rickettsial agglutins.tion 
reaction care is essential since clumping is exceedingly 
fine in character and is liable to escape detection. 
Von Rooyen and Bearcroft (38) suggest that the b.est 
method is to hold the tube up to the light and then 
with forefinger and thum.b.sharply rotate the tube a few 
times. If agglutination is present it will be visible 
as a fine granular flocculum which arises into the super-
natant fluid. If difficulty is experienced in reading 
the test, the supernatant clear fluid should be dis-
carded, B film made from the deposit of agglutinated 
Rickettsiae stained by Machiavello's methoid, and examined 
under the microscope for signs of clumping. Both the 
saline and normal serum controls must be treated likei."li. se 
for purpose of camparison and should remain opalescent and 
free from deposit. 
c. Discussion (comparison of findings in W.F. and 
R.A.R. tests) 
It may be stated that the Weil-Felix{where it 
is positive)Hnd Rickettsial agglutination reaction show close 
agreement in their presence at various stages of Ricket-
tsial diseases. It has been shown that the Weil-Felix re-
action cannot be: applied to the "~" fever group whereas the 
R.A.R. test can. The R.A.R. test furthermore, when proper 
antigen has been prepared, will pro"i."lably be epplicable in 
all the Rickettsial diseases. C~st:ane.d&.• Silva, and 
Mannier (39) (1940} stated that specific agglutinins appear 
earlier than non-specific Proteus agglutinins. Furthermore, 
heterophile agglutinins for B. proteus disappear more 
quickly than specific anti-rickettsial :agglutinins; but this 
may be due to the fact that anti-rickettsial agglutinins 
occur in higher titer than do non-specific ones. (Table 6:) 
(9) (38) 
Table .§. • Persistence .9:! antibody in Tests for Rickettsial Diseases 
Test Appearance of antibopy 
in patient's se~ 
Persistence of 
antibody in 
serum 
Wei1-Fe1Ix 8th to 12th day 
6th to 13th day 
8th to 16th day 
3 months 
Complement-
Fixation 
Several. months 
Years or life 
Moreover, as has previously been pointed out the Ricket~ 
tsial agglutination test, being a spec~fic test for 
·Rickettsial diseases gives no false positive in »acterial. 
infections as does the Weil-Felix. The R.A.R. test pos-
sesses the advantage of differentiating between specifia 
infections in the same immunological group, e~g. between 
the epidemic and endemic forms of t~phus and between 
American and Australian "~" fever. Th~ Weil-Felix at best 
(and only in certain cases) can only suggest this. Felix 
( 40) (1933) proposed that j_f local strains of B. proteus 
were to be obtained from cases of Rocky Mountein spotted 
fever and other specific diseases, perhaps specific strains 
could be established which would in turn permit specific 
diagnoses as in the Rickettsial agglutination test. But, 
in the same publication, Felix admitted that although ~uch 
a strain of ~. proteus was isolated by Dr. Lima of Sao 
Paulo from a child who had recovered from an attack of 
Sao Paulo typhus and designated B. proteus XL, unfor-
tunately, sera of persons convalescent from Sao Paulo 
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typhus agglutinated B. proteus X 19 to a hiGher titer than 
the patient's own XL or~nism. lienee, in this respect, the 
Weil-Felix test has its definite limitations, a fact which 
is not surprising vi/hen it is considered that it is a hetero-
genetic antigen - antibody reaction the specificity of 
which was adcidentally discovered as the outcome of a 
fortuitous event. 
3. Rickettsial complement - fixation test 
a. Development 
Complement-fixation in Rickettsial diseases 
has been invest:tgated'by comparatively few workers. Among 
the early publications was that of Davls and Petersen (41) 
(19ll),·who studied complement fixation in Rocky Mountain 
spotted fever, using a~ntigens the serum and the macerated. 
organs of infected guinea pigs and also infected tick eggs. 
Alcoholic extracts of ~rgans from fatal cases of European 
typhus were used es antigens by se,rera.l vvorkers including 
Cathoire, Muller, Marke, Delba, and Papamarker. ·.Papamarker 
later used an extract of infected lice as did Jac~bthal and 
Epstein. None of these antigens yielded very satisfactory 
results. rn all probability the number of Rickettsiae in 
the infected org3.ns v;as too small for the purpose of pro-
ducing good antigen. Infected lice were unsuitable because 
similar results were obtained with both normal and with in-
fectec. lice. 
With the newer improved methods for the cultivation of 
Rickettsiae it hns been possible to obtain much more 
satisfactory antigens. This is particularly true of 
endemic typhus and "Q," fevers. Endemj_c typhus fever 
Ri~kettsiae grow abundantly in the infected chick yolk 
sac (Cox) in the lungs of mice and rats infected by the 
intranasal route (Ca.sita,neda) ( 42) and also by the ag':l.r 
tissue culture method of Zins8er, Fitzpatrick, and Wei. 
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(43) The Rickettsiae of "Q" fever can be obtained in 
considerable concentration in the spleens of infected mice 
(Burnet and Freeman) (44), and in the yolk sac of chick 
embryos. It is a more difficult problem to obtain luxuriant 
growth of the Rickettsiae of Rocky Mo1.mtain spotted fever 
and European typhus. 
Castaneda (1935) obtained positive complement-fixa-
tion reactions in cases of actb.re and past infection with 
Mexican typhus and Brill's disease, using Rickettsiae f'rom 
X-rayed typhus-infected rats as antigen. Bengston has re-
ported on comlement-fixation in "Q" fever using mouse 
spleens and infected yolk sacs as the source of Rickettsial 
antigen and on endemic typhus (46) using infected yolk sac 
as the source. 
b. Techni9 (4?) (48) 
(1) The reagents used include the usual 
hemolytic systems with guinea pig corr.plements, antisheep· 
cells rabbit hemolysin, and sheep red blood corpuscles, 
the antige:1., and the stRndard systems. These are set up 
in the manner descrjbed by Bengston. 
(2) The test is carried cut as follows: 
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To the serum dilutions contained in the 
tubes are added 0.2 c.c. of the proper 
dilution of antigen {4 units) and0.2 c.c. 
of complement ~2 units). After one hour in-
cubation at 37 {water bath) the sensitized 
sheep cells are added in 0.4 c.c. amounts, 
hhe hemolysin {2 units per 0.2 c~c.) and 
2 % sheep cells having been prepared by 
thorough mixing 10 minutes previously. Af-
ter further incubation in the 37° water 
bath for one hour, the test is placed at 
the cold room tempe~ature and read the 
following morning. Positive results are :~a­
corded as 4 1 3,2 11+, and trace, and the titer 
is read as the highest dilution showing 3 
or 4+ fixation. ~he following controls are 
set up: 
{a) Serum controls - To duplicate tubes of 
the four lowest dilutions are added the 
same reagents as for the test except that 
salt solution is substituted for antigen. 
{b) Antigen controls - Antigen controls con-
tain twice the volume of the dilution used 
in the test, i.e., 0.4 c.c., and the 0.2 c.c. 
of complement and 0.4 c.c. of sensitized 
cells. 
(c) Hemolytic system- The hemolytic system 
control consists of four tubes containing 
0.05, 0.1, 0~15, and 0.2 c.c. of the dilu-
tion of complement used in the test, these 
amounts representing !;,1,1!, and Z units. 
The volume in each tube is made up to 0.5 
c.c. with sterile saline, md 0.4 c.c. sen-
sitized cells added. The tube containing o.os~~. 
should show 1 or 2+ fixation, and the three 
remaining tubes should be completely hemo-
lyzed. 
c. Discussion 
The complement,-fixation reaction has become a use-
diagnostic method in Rickettsial diseases. It may be used 
in epidemic and murine typhus, spotted fever, "~" fever, 
and probably for other Rickettsial diseases. Specific fixa-
tion reactions are obtained in each disease. Typhus fever 
e.an easily be dj.stinguished from Rocky Mountain spotted 
fever. In typhus there may be some cross fixation between 
~pidemic and endemic typhus,, but fixation with the hemolpgous 
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~ickettsial antigen always occurs in a higher titer. It 
is thus possible to distinguish epidemic from e.ndemic 
typhus. Complement-fixation antibodies in ty_rhus usually 
appear in the late febrile period and gradually increase 
in titer. A positive reaction persists long after con-
valescence. Complement-fixation antibodies have been 
demonstrated as long as twenty-six years after the initial 
attack of epidemic typhus. Since the Weil-Felix agg]_utination 
disappears in late convalescence, the complement-fixation 
test is a better criterion of ~ast rickettsial infection. 
The specificity of the complement-fixation test is equal to 
that in(iirect Rickettsial antigen agglutination; the former 
test also obviates the principle technical disadvantage of 
the R.A.R. - namely, that R·ickettsial agglutinE,tion is very 
fine in character an~ liable to be missed. 
c. Pathological Tissue Studies 
1. Biopsy of skin lesions. 
Histological examination of lesions in the skin 
was first suggested by Frankel (49) (1914) Skin biopsy, according 
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to Pinkerton, lS 8 VRluable diagnostic procedure. A ~,ie]_l-dev-eloped 
lesion, preferably of the macular type, should be excised witb 
ample underlying tisnue, fixed in Reynaud'::; fluid, and stained by 
the Giemsa method~ Preferably, it should be submitted to someone 
who has had experience in studyin€ Rickettsiae in tissues, since 
there are many pitfalls, both ip the staining an1 in the recog-
nit5on of the Rickettsiae. The histologic lesions of typhus and 
of spotted fever are quite similar. Occasional thrombi in the 
small blood vessels and peri vascular acctunule. tions of lympho-
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occur-
cytesl\in both diseases. In typhus, however, Rickettsiae are found 
only in the endothelial cells lining the blood ves3els, while in 
spotted fever the organisms are found not only in endothelial 
cells but also in smooth muscle cells of the arterioles. Finding 
Rickettsiae in the smooth muscle cells of arterioles is clefini ~ely 
diagnostic of spotted fever but frequently no Rickettsiae are 
found in biopsy secticms. 
1'!-Thile skin biopsy is often of diagnostic ve.lue it has 
the further limitations that it cannot be gpplied to the "Q" fever 
group since this grou:~ does not produce a rash, that it has n0t 
been adequately studied in the Tsutsugamushi group, that it is 
only of value when .:_:>erformed by experts, that in many cases, un-
fortunately, no Ricketts iRe are demor_strable, and that it is not 
always a practicable routine procedure. 
D. Allergic Reaction Studies 
In 1935, Goodman and Brodie (51) reported a new diag-
nostic test - a test for allergy. This is performed with a 
suspension of formalinized Rickettsiae; 0.1 to 0.2cc of this 
suspension, obtained from tunica vaginalis scrapings is in-
jected intradermallY. producing toxic or allergic reactions in ) 
the patient. Toxic reactions are observable in individuals 
who have not had the specific Rickettsial disease under sus-
picion; these reactions are absent in the tmmune individual. 
Allergic reactions are apparent in immune individuals, but are 
absent in normal people and at the beginning of the disease. 
These phenomena' have not yet been suf·~·iciently studied, although 
"' they hold promise. They have been of aid in determining a pr.evious 
typhus infection. (58) Recently Cox has prepared partially puri-
fied suspensions of Rocky Mountain spotted fever Rickettsiae, arld 
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studies are now in progress to determine whether these, as well 
~ as similar suspensions of European typhus and endemic typhus and 
American "~" fever Rickettsiae aan be used for diagnostic skin 
tests .. 
E. Non-Specific Studies 
1. Cytolo~ical blood studies 
In the typhus group the leukocyte count varies 
from normal to 18,000 or 20,000 but is usually between 10,000 
and 14,000 with Qr without the appearance of a few immature granu• 
locytes. The total white blood cell count in the Spotted fever 
group averages 12,000 to 15,000 but may be as high as 30,000; 
an initial leukopenia co.n be present. The eosinophile are often 
diminished and may be entirely absent. A relative mononucleosis 
is common, the average being 10-12 per cent. Leukopenia may be 
of some diagnostic significance in the Tsutsugamushi group. In 
the "Q" fever group Dyer' (53) states that the leukocyte count 
remains within normal limits. 
One or two workers have reported findingthe 
Rickettsiae within mononuclear cells in these diseases but ~is 
has not been firmly established and can only rarely be demonstrated. 
2. Urological Studies 
In the Spotted fever group, the urine may be 
highly colored. It is often strongly acid in reaction and has 
an increased specific gravity. Old or debilitated individuals 
commonly show albumin in varyip.g amounts together with acetone 
bodies and microscopical alterations. Younger people do not 
show urinary changes so frequently. Seve~albuminuria has been 
eeported (54) as a finding1n the"Q" fever group. 
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3. Roentgenological examination 
One of the most important findings in the "~" fever 
group is pneumonitis. In 1940, Hornibrook and Nelson (55) described 
the epid.e ...-.:miology and clinical characteristics of an outbreak 
of pneumonitis which occurred among employees of the National In-
stitute of Health at Washington D.C. Laboratory studies carried 
out by Dyer, Topping, and Bengston (56) showed by the complement-
fixation test this outbreak to be~Bickettsial disease, American 
11Q," fever, These authors stated that the chief characte·--istic of 
this illness was "central pneumonia which would have been unrecog-
nized in the absence of roentgen examination of the chest." This 
lesion is a soft, infiltrative lesion, single or multiple but not 
of uniform density as seen in lobar pneumonia (see Fig. - ?) 
These lesions appear to be more of the patchy type as seen in 
bronchopneumonia, and are characteristic of "~" fever. 
j 
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Figure ? -Pneumonitis in "~" Fever 
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Case C .. \ . 
• 
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4. Identification of arthropod vectors 
Occasionally, presumptive evidence of a specific 
type of Rickettsial infection may be made by the laboratory i-
dentification of the arthropod vector (see Table 1) However, it 
is not often that such good fortune is forthcoming and even when 
it should occur the evidence is, as stated, only presumptive. 
Moreover, as seen in Table 1, not all the Rickettsial diseases 
are transmitted by arthropod vectors. 
F. "Raoid Methods" of Diagnosis 
Withift recent years, especially siPce the outbreak 
of the war, considerable progress has been made in developing 
rapid methods of diagnosis in Rickettsial diseeses. Tb.ese have 
been found to be as sensitive as the routine methods and will 
probably be applicable to all tbe iickettsial diseases. 
lo Rapid die.gnosis using Proteus antigen 
Castane.'la (52} and Welch have developed a method 
using fixed antigens which maintain ·c.teir sensi ti vi ty for long 
periods and allow a careful standard5.zation both in an ordinary 
laboratory and in those with more a~rle facilities. Thfu anti-
gen has the advantage of facilitating a rapid diagnosis at the 
bedside v:ith only one drop of whole blood. The test is performed 
oc a slide by mixing one drop of the antigen with a loopful of 
blood and then I'.loving the slide back and fcrth to help the pro-
cess of agglutination. Since the antigen is stain~d blue, the 
clumps stand out prominently egainst the red background V!hen 
the reaction is positive. Vlhen the test is negative, on the other 
hand, the mixture maintains a uniform coffee color. Rea.lings are 
made within one minute. The sensitivity of the test has been so 
adjusted that reacti~ms are rosi tive only when the titer of ag-
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glutin2tion is abQVe 1:50. Lower titers do not yield a positive 
result, thus savin~ the investigator from considering such re-
actions that are of no si[j!lificance, as far as the diagnosis is 
concerned. 
A frankly positive test is of as rr.uch value as a Wail-
Felix of above 1:100. Negative reacti~ns hnve the same significance 
as a Weil-Felix negative or lower than 1:50. Agglutinins against 
Proteus may appear early with ap,recia~le titers even on the 
fourth day, but, as a rule, these should not be expected until 
the fifth day. Results indicate that the slide test is as sen-
sitive and specific as the macroscopic tube test. {21) Thereare 
certain otr~er advantages such es: consistency of results over a 
period of months due to the use or a single antigen, a saving in 
time and glassware. 
2. Rapid specific Rickettsial agglutination method 
Hudson (5?} and Castaneia have simplified the 
specific agglutination reaction by preparing sufficiently 
sensitive antigens with which to carry out the test on a slide 
using only equal drops of serum and antigen. This antigen consists 
of a phenolized susp~nsion of approximately twenty billion Ricket-
tsiae per cc. The sensitivity of such a suspension according to 
them is perfect and in the ca.se of typhus serum they obtained 
frank agglutination to a titer of 1:640. While the advantages 
af!orded by this test, namely procedures that are quick and easy 
to perform, :its reliability depends on the case with which the 
antigens are prepared. 
3. Rapid complement - fixation method 
Recently, Smorodintsev and Drobyshevskaya described 
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a complement-fixation test that is designed to detect the presence 
,..,. of antigen in- the serum of patients during the ea~·liest stages of 
the disease. The Weil-Felix test and the Noble-Minkevick modifi-
cation, which are based on the presence in the bl~od of antibodies 
to Proteus, do not permit laboratory diagnosis of the disease be-
fore the sixth to tenth day. This test has the advantage of 
giving the earliest possible diagnosis and probably is also more 
specific. (59) It involves the use of suitably chosen convales-
cent serQms from recovered patients, but serums from hyperimmune 
rabbits will probably prove better. The test is perfomned by 
mixing immune serum with inactivated serum from the patient in the 
presence of suitable amounts of complement, and then testing for 
the fixation of complement with a suitable hemolytic sy13tem. 
The principle involved in this method, namel~, the detection of 
a circulating antjgen early in the course of the disease, is 
not new but it has ne1rer been applied in exactly this way. These 
Russian workers came to the following conclusion: the specific 
antigen c_an be detected in the pAtient's serum by 18-hour inter-
action at a temperature of oo C; the intensity of the reaction 
and the frequency of positive results are especially great during 
the initial stages of the disease; the antigen can be detected 
up to the ninth day Cf illness; the reaction is specific and is 
negative with sera of patients affected with other diseases; 
examination of 240 patients demonstrated the possibility of ob-
taining a correct diagnosis of typhus fever while the Well-
Felix test is still negative. 
V • EV_ALUATION OF THE VARIOUS DIAGNOSTIC PROCEDURES 
A. Animal InoculAtion ~tudies 
The infectivity test, although the best absolute proof 
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of the identity of the Rickettsial disease, is of academic in-
terest only as far as the patient is concerned, since its per-
fo:::'mance takes five or'.six weeks. (60) Though there is no 
entirely typical temperBturs in man, in guinea pigs the temperature 
response is sufficiently c:haracterist;ic to enable exr;erienced wor-
kers to distinguish the various Rickettsial diseases once the strairn 
have been properly established. The scrotal reaction may be of 
value but it is not in itself of differential diagnostic value, 
since it occPrs 5.n many strains of both typhus and spotted fever. 
The febriJ.e and scrotal rea::;tions are of no real diagnostic value 
in the Tsutsugnmusrli or "Q,'' fever.gr::mp or- in Trehch fever. The 
protection or virus neutralizatirn test is of more value than t~e 
' Proteus aeglutination reaction in cases of relatively mild 
infection (61) and may give even better r6&ults th~~ the in-
fection test. Unfortunately, both the infection and rrotection 
tests are of limited assistance to the busy clinician. There are 
few institutions with facilities to conduct them ~roperly. Further-
more, they require immunized personnal properly to perform the 
tests e.nd experienced workers to inter_pi·et them correctly. 
B. ~erological Studies 
The Proteus agglutination (Weil-Felix) reaction is 
perhaps the moc t popular and widely used diagnostic procedure 
at the present time. The diagnostic valu9 of the test has been 
confirmed by numerous investigators; its specificity has been 
widely de:1e.ted. The test, when _properly carried out is a very 
useful lsborato:r;{ aid in diagnosis. The procedure is VGry use-
ful prime.rily because it can be performed in c_ny laborRtory 
carrying on routine ngglutinA.tions. Lack of specificity is 
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its main limi tatj_on. It c1oes not differentiate absolutely between 
the typhus grQu~ and the spotted fev0r group und of course not 
bet·woen different stains in the same imrt.unological gro•.1p. It 
is negative in the "Q." fever gr0up. Moreover, it is not· specific 
in that it gives false positives in certain other infeotions, 
e.g. Brucellosis. Furthermore, the reaction is of no ll'alue in 
testing for past infection because the ag;lutinin titer falls 
rapidly lfter recovery of the patient from the disease. 
As has been empha~ized, a properly interpreted Well-Felix 
reaction, although a useful tool in determining the presence of 
Rickettsial disease, is non-specific and does not make a 
differential diagnosis between spotted fever and typhus. In 
areas ·where both disea'c:,es exist ,1 t is often highly important 
th~t a differential diagnosis be made as early as possible if 
serum therapy (as in the case of spotted fever) is to be used 
intelligently. Consequently, other more specific immunological 
reactions are now being actively investigated., namely specific 
Rickettsial agglutination and complement-fixation. Both of these 
appear to be A.bsolutely specific (although there may be some 
overlapping in the results of specific Rickettsial agglutination.) 
The Rickettsial agglutination reaction is a highly specific 
(although not as specific as complement-fixation) and reliahle 
test and is superior to the Weil-Felix in this respect. { 38) 
It becomes positive earlier than does the Weil-Felix and is 
a better indication of pist infection sine~ the ant~bodies per-
siste~ longer than do those f6r Prpteus but not as long as 
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complement-fixation antibodies. (Refer Table 5) The principle 
technical disadvantage of the R.A.R. is that Rickettsial ag-
glutination is very fine in character and liable to be missed, 
whereas agglutination of B. proteus is easily visible. Moreover, 
its velue depends directly on the quality of Rickettsial antigen 
availablej but the work of Cox and others is rapidly obviating 
this possible disadvantage. 
The Rickettsial complement-fixation reaction promises to be 
of greater value than any used heretofore. It is the most specific 
of the serological procedures thus fBr developed, relatively easy 
to perform, and when its latest modifications (58) are worked 
out will probably offer the advantage of earliest diagnosis. It 
is the best test of p&st infection• 
o. Pathological Tissue Studies 
Biopsy of a skin lesion can. give an absolute dagnosis, 
as p~inted out by Pinkerton, (5) but at best it can only be 
applied late in the disease. The test has many limitations 
(refer rv, C) and is not always a; practicable rout:bi.1.a procedure. 
rt is not applicable to the "~" fever group since no rash appears 
in this group. 
D. Allergic Reaction studies 
Skin tests ars of value in determining previous 
infection (52). Although these tests have not yet been suf-
ficiently studied, largely because of lack of good Rickettsial 
antigen, with recent work in Rickettsial culture and antigen 
preparation (Cox, {'l) ;.:oaste .. da (39), Hudson (31), etc.)) they 
~ hold promise and should prove generally applicable. 
E. ~-Specific Studies 
Though certain changes do occur in the cytological 
blood picture and in the urological picture in many of the 
" 
, Rickettsial diseases, these are far from diagnostic. Roentgeno-
logical examination is at present of some diagnostic value in 
bhe ~~~ fever group since this group characteristically pro-
duces a pneumonitis; indeed, this finding was very important 
in the outbreak of "~" fever at the National Institute of 
Health. Identifice.tion of arthropod vectors can be presumptive 
evidence, but this is subject to the limitations stated in the 
discussion. It may be stated then that all these non-specific 
findings may be of value in completing a diagnostic picture but 
in themselves are of limited value ordinarily. 
F. "Rapid Methods" of Diagnosis 
At present there are three "rapid methods~ of laboratory 
diagnosis, each of which is a modification af the three major 
serological procedures in diagnosis. In the opinion of other 
workers, Castaneda's {52) appraisal of the rapid rrethod using 
Proteus antigen is o~rerenthusiastic. The rapid method using 
Rickettsial antigen probobly merits the enthu.siasm with which 
it has been received. The rapid complement-fixation nethod is 
unquestionably a great discovery which is finding wide application 
esp:Cially on the Russian fr()nt. (58} But, it has one serious; 
limitation (not adequately emphasized by its discoverers) in that 
its value in very early diagnosis of Rickettsial disease depends 
on th~ detection of cirnulating antigen and this is not always 
present early in the disease in great enough concentration to 
be detectable. This limltaticn notwithstanding, this wast will 
probably find wide applic8tion especially as the war directs our 
armies to areas where the Tsutsugamushi and "Q" fever groupsare 
'l:Ul-a emi c • 
VI. CONCLUSION 
From this study of the Rickettsial diseases, the follovd ng 
conclusions appear inevitably to emerge: 
1. AS research progresses and knowledge accumulates, this 
group of infectious diseases, knowledge of the nature of which 
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is relatively new, the ~ilitary importance of which is inevitably 
greater in wartime, is seen to be of greater world-wide dis-
tribution than previously realized. The diagnostic problem ap-
pears now to be of greatest ~~ediate importance. 
2. Though no categorical statement can be made about the 
relative importance of the Vetrious aspects of diagnosis, in this 
group of infectious diseases, with no pathognomonic clinical 
picture, no conclusive diagnosis can be made without resort to 
the laboratory. Nevertheless, no diagnostic picture is complete 
(when pt-eSeht") 
without proper evaluation of a definite historyAof bite by an 
grthropod vector and clinical picture (distribution of a rash 
when present) 
3. Among the various laboratory procedures studied, the 
Rickettsial complement-fixation test appears to hold greatest 
promise as a diagnostic aid. 
4. Intensive investigation on laboratory diagnosis is now 
being conducted but for reasons of military security has not 
yet been published. (82) 
5. The research on die.gnosis is still in an embryonic 
stage and presents a challenge to prevent the recurrence of the 
kind of epidemic which during the three-year period, 1919 to 1922, 
caused in Russia no less than 10,000,000 cases of typhus with 
3 1 000,000 deaths. (83) 
BIBLIOGRAPHY 
1.. Zinsser, H.: The Rickettsia diseases - varieties, epide.tn.i• · 
ology, and geographic'al distribution. .Am. ;r. Hyg. 
~:430, 1937. 
2,. Wolbach, s. B.: The Rickettsial diseases - a general survey. 
In B.trvard sym:r:m-sium on virus and Ric.kettsial diseases. 789, 
1940. 
3. ffume, Col. E. E.: Rickettsial diseases. 1-'Iil. Surg. ~:237, 
1943. 
4. Zinsser, H.: Typhus. Roche Re-v • .2_:381.,. August, 1942. 
5. Pinkerton, H.: Diseases caused by Rickettsiae. In Clinical 
Tropical Medicine (Bercovitz) -Roeber, New York, 1944. 
6. Pinkerton, H.: The pathogenic Rickettsiae. Bact. Rev. 
6:37, 1942. 
7. Cox, H. R.: Use of yolk sac of developing chick embryo as 
medium for growing Rickettsiae of Rocky Moutain spotted 
fever and typhus groups. Pub. Health Rep. ~:l-241.,1938. 
8. Pl.otz, Col. H.: Rickettsiae and filterable -wiruses. In 
Laboratory Methods of u. s. Army (Simmons and GentZkow), 
1944. 
9. Jeghers, H.: ~war Medicine" lecture - February 13, 1945. 
1.0. Badger, L. F.: Laboratory diagnosis of endemde typhus and 
Rocky Houtain spotted fever. Am. ;r. Pub. Health. 23:19, 
1933. 
11. Olitsky, P. K.: Hans Zinsser and his studies on typhus 
fev-er. J".A.M.A. 116.907,.194:1. 
- 2:. -
1.2. :From :Methods for laboratory technicians, T.:M. 8-22.?, u.s. 
;,var Department 2&,1941. 
13. Baker, G. E.: Rocky Moutain spotted feYer: Diagnosis. 
Rep. of address before :Montana-Wyoming Regional Meeting 
of Am.. c. of Phys., May 6, 1944. 
14. Weil, E. and Felix, A.: Zur serologischen Diagnose des 
Fleck.fiebers. Vlien. Klin. Wchnschr. 29:33,1.91.6. (Trans-
lated by Tice) 
15. Fletcher and Lessler: Inst. Med. Res. Fed. J.Ualay States, 
Bull. 1., 1926. (Cited in Progress Report in Am. Ji. Pub. 
Health. .§.Z.:l4l,. 193? .) 
16. Weil, F. and Felix, A.: Wien. klin. Wschnschr. 33:423, 
1920. (Translated by Tice.) 
17. Castaneda, M. R. and Zia, s. The antigenic relationshi-p 
between Proteus X-Jl.9 and typhus Rickettsiae. J. ~ r. 
Med. 58:55,1933. 
1.8. Davis, c. E.: Proteus X st~ains in diagnosis of Rocky 
Moutain spotted fever and endemic typhus. Pub. Health 
Bull. 2£:404~ l935. 
1.9. ·welch, H. and Poole, A.K. 
J. Bact. !Q:523, 1934. (Cited in Progress Report by 
Standard Methods Committee - see reference 2l..) 
20. Vfelch, H. Michl.e, F. L., and Bonnan, E. K.: .Am. J. Pub. 
Eealth. ~:1157, 1934. (Cited in ~regress Report by 
Standard Methods Committee - see reference 21.) 
- 3 -
21. From Progress Report of Standard Methods Committee on 
Diagnostic Procedures and Reagents: Typhus f'ever and 
Laboratory 11ethods of Recognition. Am. ;r. Pub. Health. 
Z? :148, 193?. 
22. Kemp, M.A., Vlright, M. E., and Wayne, F.: Specificity of 
the Well-Felix. Texas State ;r. Med. 29:2?8, 1.933. 
23. Foshay, L.: Non-specifici ~Y of Wail-Felix reaction. Am. 
;r. Clin. Path. !Q:l?6, 1940. 
24. Calder, R. M.: Non-specificity of ·weil-Felix reaction. 
J. Bact. g:593, 1941. 
25. Findlay, G. M.: Laboratory investigatio;ns of typhus. 
Proc. Roy. Soc. Ivied. 35:15?, 1941. 
- . 
26. Otto, R. and Dietrich, A.: 
Dtsch. med .. Wschr. ~:5??, 191?. (Summarized in Pro)gress 
Report in Am. J. Pub. Health. ~:141, 193?.) 
2?. Neigl, R.: 
z. HYg. Infelrt. Kr. 
99:302, 1.923. (Swmn.arized in Progress Report- ibid.} 
28. Zinsser, H. and Costeneda, M. R.: A method of obtaining 
large amounts of R. prowazeldi. by x-ray radiation o·ff rats. 
Proc. Soc. Ex::per. B:io1. !2:840, 1932:. 
2.9. Zinsser, H. and Castaneda, M. R.: Studies an typhus fev:-er. 
J"our. Ex:p. Med. ~:455, 1932. 
30. Zinsser, H.: Immunity in Rickettsial diseases. Harvard 
Sym.:posiwn. on Virus and Rickettsial Diseases. 8?2, 19·40. 
- 4-
3~. Hudson, :N. P.: Rickettsial culture of m.urine typhus ilm 
lungs of infected mice and rats. JOlml.e Infec. Dis. 
§.1:227, ~940. 
32. Zia, S.:: The cul ti vat ion of Mexican and Eura.pe an typhus 
Rickettsiae in the chorio-allantoic membrane of the chick 
embryo. .Am. J. Path. !Q.:211, 1934. 
33. Cox, H. R. and Bell, E. J".: Culture of Ric)tettsia 
diaporica in emb:Tyonic chick tissues. Pub. Health. Rep. 
54 :~2171, 1939. 
34. Davis, G. E. Rickettsia diaporica in Rocky Mountain 
spotted fever. Pub. Health Rep. .2!,:2219', ~939. 
35. Dyer, R. E.: Similarity of AUstralian "Q." fever and a 
disease caused by an infectious agent isolated from 
ticks in Montana. Pub. Health Rep. ~:1229·, 1.939. 
36. Bengston, I. A.: Immunological relationship of Rickettsiae 
of Australian and American "'Cl" fever. Pub. '.FleeJ.th.Rep •• 
.2§_:Z72, 1941.. 
37. Cox, H. R.: Use of yolk sac of chick embryo as mediun 
for Rickettsiae in "Q.tt fever • .Am. J. Trop. Med. 20:463, 
~940. 
38. Von Rooyen, c. E. and Bearcroft, w. G. c.: Typhus 
Rickettsial agglutination tests in the Middle-East forces 
and Egypt. Edin. Hed. J. L:25.7, 1943. 
39. Castaneda, M. R., Silva, R., and Uonnier, A.: Rickettsial 
agglutination reaction in typhus fever. Medic1na. _gQ,:507, 
l940. 
- 5 -
40. ]leJLix, A.: Trans. Roy. Soc. Trop. Med. Hyg. 27:147., 
1.933. {As quoted by Von Ro.oyen and Bear croft.) 
4~. Davis, B. F. and Petersen, VI. F.: Complement deviation 
in Rocky l!ountain spotted fever. J. Infec. Dis. 
§..:_330, 1911. 
42:. Castaneda, :M. R.: Experimental pneumonia produced by 
typhus Rickettsiae. Am. J. Path. ~:467, 1939. 
43. Zinsser, H., Fitzpatrick,. F., and Wei, H.: A study of 
Rickettsiae grown on agar tissue cultures. J. Exp. 
r::ed. 69:"179, 1939. 
44. Burnet, F. l:I. and Freeman, M. :: l!.xperimental studies on 
virus of "Q." fever. M. J. Australia 24(2):299, 1937. 
45. B,engston, I. A.: Complement-fixation in "Q." fever. 
Proc. Soc. Exp. Biol. and Mad. 46:665, :1941. 
46. Bengston , I. A.: Complement-fixation in endemic typhus 
fever. .2Ut). Health Rep. 55:549, 1941. 
47. Bengston, I. A.: Complement-fixation in the Rickettsial 
diseases - technic of test. Pub. Health Rep. 5-9:402., 
1.944. {The writer is also indebted to Dr. Bengston for 
many helpf~l. ... suggestions in personal cammunicat:ton.} 
48. Bengston, I. A. and Topping, N. H.: Complement-fixation 
in Rickettsial diseases. Am. J. Pub. Health. 32::48~1.942. 
tt Frallkel.,. E. : In Munchen mad,. Wschnschr. §!.:57, 1914. 
(Cited by Standard Methods Committee in reference 21.} 
50. Pinkerton, H.: By rersonal connnunication. (See also, 
reference 5.) 
- 6 -
51. Goodman, c. and Brodie, N.: A skin test indicating a 
previous typhus infection. Proc. Soc. Exper. Biol. and 
!.led. 32:1332, 1935. 
52~ Castaneda, 1.1. R.: Clinical and experimental aspects of 
eocanthematous typhus: Aids to diagnosis. Puer. Rico. J. 
of Pub. Health. ~65, 1942. 
53. Dyer, R. E.: The Rickettsial diseases. ~. A. M. A. 
124:1165, 1944. 
54. Zem:P, F. E.: "Q." fever. J". A.M. A. 12l:B2H, 1943. 
55.> Ho,rnibrook, J'. VI. and Nelson, K. R. .An institutional out-
break of pneumonitis. Pub. Health Rep. 55, 1936, 1940. 
56. Dyer, R. E., Toppin[!, N. H., and Bengston, I. A.: 
II. Isolation and i1entification of causative agent. 
(ibid.)1 
5'7. Hudson, N. ? • : Preparation of Rickettsial antigen for 
slide agglutination in typhus. J. Infec. Dis. LXVII: 
22'7, 1940. 
58. SmoTodintsev. A, A. and Drobyshevskaya: Early diagnosis 
of typhus fever through detection of a specific antigen 
in the blood. km. Rev. Sov. Med. 1:229, 1944. 
59. Editorial: Early diagnosis of typhus fever. N. E. J. M. 
232:5'7, 1945. 
60. Clinical Notes: Ob:servations on Rickettsial diseases. 
Seminar (Sharp and Dohme) 4,6, 1942. 
61. Baker, G. E.: F~cky Mountain spotted fever; an increasing 
hazard; diagnosis and treatment. Reprint of address as 
published in Proc. Inter-State Postgrad. Med. Assembly of 
N. Am.er. October 26, 1943. ( 
- 7-
62. Plotz, Col. H. By personal communication. 
63. MacKenzie, M. D .. :- Some practical considerations in the con-
trol of louse-borne typhus fever in Great Britain in the 
light of experience in Russia, Poland, Rtl!!lRD.ia, and China. 
Proc. Roy. Soc. Med. ~:141,. ]..941. 
j 
.. 
OTHER REFERENCES 
Ahlm, c. E. and Lipschutz, J".: Tsutsugamushi fever in sa~uth­
west Pacific theater. J". A. M. A. ~:1.095, 19'44. 
Anigstein, L.: Present status of spotted fever problem. 
Clinics ~:890, 1943. 
Baker, G. E.: Rocky Mountain spotted. fever. M. Clin. N. A. 
~:752, 1944. 
Bardhe.m, p·. N.: Typhus - dry blood test in diagnosis. Brit. 
Med. J". 1:253, 1944. 
Bengston, I. A. and Topping, N. H.: Specificity of Complement-
fixation test in endemic typhus using Rickettsial antigen. 
' Pub. Health Rep. ~:1.723, 1.941. 
Bischoff, G.: Skin tests for typhus. IG..in. Wclmschr. 
E:227, 1.943. 
Blumer, G.:: The Rickettsial diseases. Bull. N. Y. Acad. Me d. 
!1_:280, 1941. 
c·aJrnlichael, F. A.: Rickettsial diseases: our present orientation. 
J". Kansas M. Soc. 44:189, 1943. 
Cheney, G. ·c. and Denenho:ltz, E. J".: Diagnosis of Rickettsial 
diseases; unusual case with jaundice. Mil. Surg. 94:9, 1944. 
Clavero, G.: Giroud intradermal test for Rickettsial diseases. 
Trop. Dis. Bull. !Q.:530, 1943. 
Curbelo, A.: Laboratory diagnosis of murine Rickettsiosis. 
Vida nueva ~:70, 1943. 
Dyer, R. E. Typhus fever. M. Clin. N. A. p.775, May, 1943. 
Er~~\ R.; Ra~id agglutination test for diagnosis of t~~hus on spot 
in field. Bull. Vlar Med. 4:293, 1944. 
Felix, A.: Technic and. interpretation of T.leil-Fe~ix. test. 
~-"'- ;:u:.J7- Soc. Trop. Med. and Hyg. 37:321, 1944. 
·"!"·,.._, 
.· ~ 
- 2-
Felix, A.: Typhus group: c1assific, laboratory diagnosis. 
Brit. Med. J. 2:597, 1942. 
Finland, M.: "Q." fever, medical progress. N. E. ;r. M. 
227:342, 1942. 
Herdman, R. D.:- The '!!eil-Felix reaction. Del. State Med. ;r. 
~:1-40, 1943. 
Hesdo:rffer, 11. B. and Duffa1o, J. A.: American "Q.tt fever. 
J". A. }.':. A. ll6, 194].. 
Herrera-Bolle, ;r. M. : Laboratory in early diagnosis of typhus. 
54:687, 1943. Rew. Med. Cubana. 
Kligler, I. J. Typhus - specific diagnosis by Rickettsial 
agglutination. Nature, London. 152,62?, 1943. 
Kolmer, J. A.: Clinical diagnosis by laboratory methods. 
D. Appleton - Century - 1943. 
Leb:row, A. P.: Yieil-Felix reaction and Proteus group of 
bacteria. Puerto Rico J. Pub. Health. Jj&:41.2, 1943. 
Mal1ory, F. B.: Rickettsiae -Pathological Technic. 
(W. B. Saunders} 1938. 
Meyer, R.: 
lation. 
Agglutination of Proteus OX 1.9 after typhus ino,eu-
Bull. Viar Iv1ed. 4:354, ].9·44. 
Neill, M. H. Description of scrotal lesion in guinea pigs in-
fected with typhus. Pub. Heal.th Rep. 32.:1105, 1917. 
Ochsi, s.: Rickettsia: method of staining in sections. 
J. Lab. and Clin. Med. 23:852:, 1938. 
Philip, 
Hyg. 
c. B.: Nomenclature of pathogenic Rickettsiae. 
37:301, 1943. 
- 3-
Pl.otz, H. and Westman, K.: Use of complement-fixation in 
R. M. S. F. Science 95:441, 1.942. 
Plotz, H.: Complement-fixation in Rickettsial diseases. 
Science 97:20, 1943. 
p:osh, J". o. w.: Rickettsial diseases in the South. :r. Flor. 
Med. Assoc. 28:270, 1941. 
Reynolds, A. T.: Rickettsial ~ccine for antigen in complement-
fixatlon"test. Am. J. Trop. Med. 23:321,. 1.943. 
Ricketts, H. T.: Transmission of Rocky Mountain spotted fever 
by bite of wood tick. :r. A. M. A. !!:358, 1906. 
S h"f ~·· e a er, N.: Method for rapid diagnosis of typhus at bedside. 
Bull. Vlar Med. 3:621., 1943. 
Spencer, R. R. and M.axcy, K. F.: Vleil-Felix reaction in endemic 
typhus and Rocky Mountain spotted fever. Pub. Health Rep. 
~:440, 1930. 
Stokes, J .: Use of immune bodies in treatment of Rickettsial 
diseases with emphasis on need for early diagnosis. Yale J". 
Biol. and Med. !§.:415, 1944. 
Strong, R. P. Progress in study of Rickettsial infections 
(Charles Franklin Craig lecture.) Am. J. Tro,p. Med. 20:13, 
l94C. 
strong, R. P.: Stitt"s diagnosis, prevention, and treatment of 
tropical diseases. The BlakistonCompany, 1942. 
Stuart-Harris, C. H.:: Rickettsial agglutination studies. Lancet. 
2:53'7', 1943. 
" '" ..... .,.....:. ·~ ..;_'.{~ 
- 4-
Wi~cocks, c.: Summary of recent abstracts o:n typhus ( 1941). 
Trop. Dis. Bull.. 39:655• ~942. 
